Obesity may increase the risk for progression of CKD, but the effect of established renoprotective treatments in overweight and obese patients with CKD is unknown. In this post hoc analysis of the Ramipril Efficacy In Nephropathy (REIN) trial, we evaluated whether being overweight or obese influences the incidence rate of renal events and affects the response to ramipril. Of the 337 trial participants with known body mass index (BMI), 105 (31.1%) were overweight and 49 (14.5%) were obese. Among placebo-treated patients, the incidence rate of ESRD was substantially higher in obese patients than overweight patients (24 versus 11 events/100 person-years) or than those with normal BMI (10 events/ 100 person-years); we observed a similar pattern for the combined endpoint of ESRD or doubling of serum creatinine. Ramipril reduced the rate of renal events in all BMI strata, but the effect was higher among the obese (incidence rate reduction of 86% for ESRD and 79% for the combined endpoint) than the overweight (incidence rate reduction of 45 and 48%, respectively) or those with normal BMI (incidence rate reduction of 42 and 45%, respectively). We confirmed this interaction between BMI and the efficacy of ramipril in analyses that adjusted for potential confounders, and we observed a similar effect modification for 24-hour protein excretion. In summary, obesity predicts a higher incidence of renal events, but treatment with ramipril can essentially abolish this risk excess. Furthermore, the reduction in risk conferred by ramipril is larger among obese than nonobese patients.
Excessive body fat is the most concerning risk factor for chronic diseases worldwide. Overweight and obesity are consistently associated with a variety of cardiovascular sequelae ranging from angina and myocardial infarction to peripheral vascular disease and with various types cancer. 1 Evidence has emerged that obesity is also implicated in the high prevalence of chronic kidney disease (CKD) in Japan, 2,3 the United States, 4 and Sweden. 5 Analyses based on the Atherosclerosis Risk in the Community study and Cardiovascular Health Study have shown that metrics of central obesity are monotonically associated with the risk of CKD and death. 6 Traditional and nontraditional risk factors such as inflammation, deranged adipose tissue cytokines, enhanced sympathetic activity, and activation of the renin-aldosterone system are considered as the major factors implicated in CKD secondary to excess adiposity. 6 Overweight and obesity impose peculiar renal hemodynamic, hormonal, and metabolic risk factors to the kidney, 7 and these alterations set apart renal damage associated with body fat excess from that in other nephropathies.
Preventing and treating renal disease secondary to excessive body fat is now a public health priority. 8 However, there is still little information on the reversibility of obesity-related nephropathy and virtually no information on the response of this nephropathy to drug treatment with agents proved to be nephroprotective in other primary or secondary renal diseases. 9 Because of the peculiar patho-physiologic profile of overweight and obesity, the effect of drugs in other progressive nephropathies may not apply to fat excess-related nephropathy. Therefore, specific studies are needed to test interventions aimed at retarding CKD progression in patients with body fat excess.
With this background in mind, we undertook a secondary analysis in the Ramipril Efficacy In Nephropathy (REIN) study cohort, 10 i.e., the cohort of patients that was the basis of a doubleblind, randomized, placebo-controlled trial testing the nephroprotective properties of ramipril, to see whether overweight and obesity influence the incidence rate of renal events and modify the response to this angiotensin converting enzyme (ACE) inhibitor.
RESULTS
CKD patients included in this secondary analysis (n ϭ 337) did not differ from the original study cohort (n ϭ 352) regarding demographic, clinical, and biochemical data (data not shown). One hundred sixty-eight patients were treated with ramipril and 169 patients were treated with placebo. One hundred five patients were overweight (body mass index [BMI] ) and study arms (ramipril/placebo) showed that, at baseline, among patients with BMI Ͻ25 kg/m 2 randomized to ramipril, there was a higher proportion of men and a lower proportion of smokers and these patients had slightly lower hemoglobin compared with patients on placebo (Table 1 ). In overweight patients (BMI ranging from 25 to 30 kgm 2 ), GFR was 6 ml/min per 1.73 m 2 higher in ramipril-treated patients than in placebo-treated patients (Table 1) .
Univariate Correlates of Renal Events in Ramipril-and Placebo-Treated Patients
During the follow-up period (average, 30 months; range, 0.2 to 76 months), 89 patients experienced renal events (ESRD in 77 cases and doubling of serum creatinine in the remaining 12 cases) and 4 patients died. Because ACE inhibition reduced renal events in the REIN study, 10 time to event analysis was carried out separately in the two study arms. On univariate Cox regression analyses, in both ramipril-and placebo-treated patients, 24-hour urinary protein (P Ͻ 0.001) and systolic arterial BP (P Յ 0.015) were direct predictors of the incidence rate of ESRD, whereas hemoglobin (P Ͻ 0.001), GFR (P Ͻ 0.001), and serum albumin (P Յ 0.06) were inverse predictors of the same outcome. Similar relationships were also found for the combined renal endpoint of ESRD and doubling of serum creatinine (data not shown). In neither study arm was a significant relationship found between the incidence rate of renal events and the remaining risk factors listed in Table 1 (P ϭ not significant).
BMI and Renal Events: Effect Modification of Overweight and Obesity on the Response to Ramipril
In placebo-treated patients, the incidence rate of ESRD was similar in patients with normal BMI and in those who were overweight but was substantially higher in those with BMI Ͼ30 (Table 2 ). Ramipril treatment reduced the rate of ESRD compared with placebo in all BMI strata (Table 2 ), but the effect of this drug was much higher in obese patients (incidence rate reduction: Ϫ86%) than in those with overweight (incidence rate reduction: Ϫ45%) or normal BMI (incidence rate reduction: Ϫ42%). The effect modification of BMI on the efficacy of ramipril for the incidence rate of ESRD was confirmed in a multivariate Cox regression model (Table 3 ; Figure 1 ) adjusting for the main effect of BMI and ramipril treatment, as well as for systolic arterial BP and other potential confounders did not materially affect these results ( Table 3 ). The same (effect modification) analyses carried out for the incidence rate of the combined renal endpoint (ESRD and doubling of serum creatinine) showed very similar results (Table 2) ; the effect of ramipril was higher in obese patients (incidence rate reduction: Ϫ79%) than in those with overweight (incidence rate reduction: Ϫ48%) or normal BMI (incidence rate reduction: Ϫ45%). Forcing other variables into the Cox's model that did not meet standard criteria to be confounders and predictive factors (age, smoking, and diabetes) did not change the strength of these relationships. A Cox regression analysis taking into account the competing risk of death provided identical results (data not shown). An effect modification analysis with BMI as the continuous variable will be provided to interested readers on request. Consistent findings were obtained when BMI was considered as a continuous variable (Supplemental Appendix 2).
BMI, Proteinuria, and the Response to Ramipril
Baseline proteinuria did not differ across BMI and treatment strata (Table 1) . At follow-up, mean arterial pressure significantly differed between the two study arms in overweight patients and in those with normal BMI, but these differences were clinically meaningless (Figure 2, top) . No difference in BP burden was observed between the two study arms in obese patients. Twenty-four-hour urinary protein increased along with BMI categories in placebo-treated patients (Figure 2 , bottom). The effect of ramipril on proteinuria was more pronounced in overweight and obese patients than in patients with normal BMI (Figure 2, bottom) . Consistently, the difference between changes in proteinuria (mean Ϯ SEM) observed in the two treatment arms during the follow-up period versus baseline was large (1.51 Ϯ 0.55 g/24 h, P ϭ 0.001), intermediate (1.14 Ϯ 0.46 g/24 h, P ϭ 0.02), and almost negligible (0.39 Ϯ 0.37 g/24 h, P ϭ 0.29) in the highest, middle, and lowest BMI group, respectively (Figure 3) . The modification effect of BMI on the reno-protective effect of ramipril did not change appreciably when the analyses were adjusted for the diagnosis of the underlying renal disease (data not shown). Data are expressed as hazard ratio, 95% CI, and P value. In the last column, the Shrinkage corrected hazard ratios (13) are also reported for all covariates (for details, see Statistical Analysis).
DISCUSSION
In this secondary analysis of the REIN study, obesity predicted a higher incidence of renal events in patients randomized to the placebo arm of the trial, but such a risk excess was abolished in those allocated to ramipril. As a result, the risk reduction for renal disease progression brought about by this drug was substantially more pronounced in obese than in nonobese patients. Furthermore, such an effect was paralleled by a more pronounced difference in proteinuria between ramipril-and placebo-treated obese patients than in overweight or normal BMI patients. Obesity has now ascended to the top ranks among risk factors for CKD. 6 Observational studies have coherently shown that, in patients with established renal diseases of various etiology, the presence of obesity accelerates the progression rate of the underlying nephropathies toward the end-stage phase. [11] [12] [13] The causal role of obesity in renal function loss and proteinuria in the obese has been documented in various interventional studies including dietary and bariatric surgery interventions. 11 Although mecha- Figure 1 . Ramipril has no effect on the cumulative incidence of ESRD in normal BMI patients but markedly attenuates the risk of ESRD in overweight and obese patients. Crude, adjusted, and shrinkage-corrected hazard ratios and 95% confidence intervals of ramipril treatment for ESRD are reported in the insets. Table 3 .
CLINICAL EPIDEMIOLOGY www.jasn.org nism(s) responsible for renal disease in obesity are incompletely understood, the renin-angiotensin system seems to be of peculiar relevance in this condition. 12 High plasma renin, angiotensinogen, angiotensin-converting enzyme, and aldosterone levels are frequently observed in obese people, 13,14 a phenomenon in part attributable to sympathetic overactivity 15 in these patients. Of note, angiotensinogen and angiotensin II type 1 receptor (AII-R) mRNA are all expressed in the adipose tissue, 16 and fat mass excess in obese individuals contributes to raise renin and AII levels in this condition. 14 Glomerular hypertension apart, AII accelerates progression of renal disease also by other mechanisms, e.g., by inducing intrarenal inflammatory cytokines, growth factors, and apoptosis. 17 AII is a relevant modifier of adipokine production in fat tissue because AII blockade decreases TNF-␣, plasminogen activator inhibitor 1 (PAI-1), monocyte chemotactic protein 1 (MCP1), and markers of oxidative stress and increases adiponectin levels in a genetically obese mouse model 18 . Thus,AIImaydirectlyorindirectlyaffectrenalfunctionandstructure by several mechanisms in obese people. Collectively, these findings suggest that countering the renin-angiotensin system may be a peculiarly beneficial intervention in patients with CKD and high BMI.
Given the public health impact of obesity and the increasing concern of overweight and obesity in the epidemic of CKD worldwide, 19 information on the efficacy of available drugs on the progression of CKD in overweight and obese patients with CKD is a question of clinical and public health relevance. In this study, we found that, in placebotreated patients, overweight and obesity are associated with stepwise increases in the incidence rate of renal outcomes, which confirms previous observations. 3 In addition, we showed for the first time that obese patients seem to be peculiarly sensitive to the nephroprotective effect of ramipril, because risk reduction for renal outcomes in these patients was substantially more pronounced than that in other BMI strata. Of note, this finding comes along with a more pronounced decline in proteinuria in obese and overweight patients compared with those with normal BMI. Proteinuria is a marker and a causal factor of renal disease progression. Although the effect of ACE inhibition was more pronounced in obese than in nonobese patients, the effect modification of BMI in the risk of progression to ESRD was largely independent of proteinuria, suggesting that mechanisms other than this risk factor are responsible for such a phenomenon.
Our study has limitations. This is a post hoc analysis generated from a randomized, controlled clinical trial including a relatively low number of obese patients. We did not randomize a priori within predefined BMI strata, and this may be a source of confounding. However, at baseline, there was minor unbalancing for gender, smoking habits, hemoglobin, and GFR across BMI strata. To overcome this limitation, we adjusted the analysis for potential confounders, and after such an adjustment, the effect of ramipril in obese people was substantially unmodified, suggesting that it is unlikely that the effect modification of BMI on the response to ramipril is the result of confounding. Some additional considerations support the credibility of our analysis. First, the interaction we found was quantitative rather qualitative, which makes it unlikely to merely be the result of chance. 3 Second, direction of the expected effect was prespecified on the basis of a variety of observations in animal models and in humans. Third, the effect of ramipril in obese patients was large. Fourth, the reduction in the risk for progression to ESRD was consistent across closely related outcomes, including proteinuria. Post hoc analyses of other randomized clinical trials (external validation) and specific trials in the obese are needed to confirm our observations. Our data cannot be generalized to the population of patients with CKD secondary to diabetes. Furthermore, notwithstanding that the effect modification of BMI was independent of proteinuria, our findings may not apply to nonproteinuric nephropaties, an issue clearly deserving further study.
In conclusion, this post hoc analysis in the cohort of proteinuric patients with CKD enrolled in REIN indicates that the risk reduction for renal disease progression to ESRD and the anti-proteinuric effect by ramipril are more pronounced in obese than in overweight and normal BMI patients. These findings provide a solid basis for planning confirmatory analyses in other clinical trial databases and new trials specific to obese patients with CKD.
CONCISE METHODS
The REIN study is a randomized, placebo-controlled, multicenter clinical trial including 352 patients with chronic, nondiabetic nephropathies. This study assessed the effect of an ACE inhibitor (ramipril) on the evolution of the GFR over time, proteinuria, time to doubling of serum creatinine, and progression to ESRD. A detailed description of study protocols and main results of this trial are reported elsewhere. 10 In this secondary analysis, we investigated the relationship between BMI and the incidence rate of renal events (either doubling in serum creatinine or ESRD) and tested whether BMI modifies the effect of ACE inhibitors on these outcomes. Because BMI was not available in 15 patients, this analysis was performed in 337 patients (96%). In brief, study participants were normotensive (arterial pressure Ͻ 140/90 mmHg without anti-hypertensive therapy) or hypertensive patients of both genders, 18 to 70 years of age, with creatinine clearance in the range of 20 to 70 ml/min per 1.73 m 2 and persistent proteinuria (Ͼ1 g/24 h for at least 3 months). After 1-month placebo run-in, patients were randomized to ramipril or placebo and followed up for an average time of 30 months (range: 0.2 to 76 months). For the purpose of this study, we considered as outcome measures time of ESRD occurrence and combined end-point including ESRD occurrence or time to creatinine doubling.
Statistical Analysis
Data are expressed as mean Ϯ SD (normally distributed data), median and interquartile range (non-normally distributed data), or as percent frequency, and comparisons between groups were made with t test, Mann-Whitney test, or 2 test, as appropriate. The effect modification of BMI strata on the efficacy of ramipril for reducing the incidence rate of study outcomes (primary outcome: ESRD alone; secondary outcome: combined renal endpoint [ESRD or creatinine doubling]) was studied by crude and multivariate Cox regression analyses (time to the first event analysis). Multivariate models adjusted for gender and systolic BP (two established determinants of renal outcomes), as well as for variables that met criteria to be confounders (that is variables that were related [P Ͻ 0.20] with both, exposure [that is, ramipril/placebo treatment in each BMI stratum], and study outcomes, that were not an effect of exposure, and that were not in the causal pathway between the exposure and study outcomes). The proportionality assumption of Cox models was tested by the analysis of Schoenfeld residuals, and no violation was found. The competing effect of death on the relationship between BMI and ramipril treatment with renal events was modeled by competing risks analysis. 20 Data are expressed as hazard ratios and their 95% confidence intervals. The hazard rations of ramipril treatment across BMI categories (Ͻ25, 25 to 30, and Ͼ30 kg/m 2 ) were calculated by the linear combination method (Supplemental Appendix 1). The multivariate Cox regression model for the combined renal endpoint (ESRD and doubling of serum creatinine) was of adequate statistical power (at least 10 events for each variable in the models), and a Shrinkage method 21 was applied for adjusting for the same risk factors in the analysis of the main endpoint (ESRD). All calculations were made using standard statistical packages (SPSS for Windows Version 9.0.1, SPSS, Chicago, IL; STATA 9 for Windows, STATA, College Station, TX).
